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by INTRODUCTION

More than forty years have now elapsed since the for-
ﬁbster at the New York Zoological Garden, Mr. H., W. Merkel
" in 1904 (85) as the first in the United States realized the
‘seriousness of the new epidemic fungus disease on the Amer-

~ icen chestnut, Castanea dentata. In an article in the "Tenth

; Annual Report of the New York Zoological Soclety" January,
| 1904 he drew public attention to the matter,

Since then the fungus, now known as the fungus of the
., re’hestnnt blight Endothia parasitica has spread over the

range of the American chestnut with great rapidity. 1In 19611,
~ only seven years after Merkel found the blight in New York

- City, the disease had spread over an area from New Hampshire
through southern New England and eastern New York to western
‘?cnnsylvania, Virginia and West Virginia. (2). In 1925 about
- 3/4 of the commercial range of thelchestnut had been covered
i (44) and in 1931 Baxter (15) expressed the oplnion that most
of the virgin chestnut timber would be killed by the blight
"vlthin 10 or 15 years.

' The seriousness of the blight, the most fatal forest

3 tree disease known, (80) called forth a large amount of work
in the field of control of the disease and study of the fun-
gus, The initial problem facing the scientists was whether
it was en introduced or a native fungus., If the latter was
the case and only extreme climatic conditions had caused

the sudden epidemic outbreak,the future would not be too

grim, and there was a possibility that the fungus would go



to its saprophytic condition of itself. (28). After the
\ was found in China and Japan (99,100) it was, however,
vious that the fungus was introduced from those countries
nd -%t had to be expected that the spread would continue re-
jardless of the climatic conditions, as long as the native
shestnut tree did not show any resistsnce to the disease.
The trend of the control of the disease in the early
days, while control still was considered possible, was that
:_ elimingtion of advanced spot infections, extensive oxm-
ination of nursery stock before shipment, injectlion of chem-
in the tree trunks to make them resistant to attack,
spraying with Bordesux mixture end cutting out of the in-
sted spot on the trees, ete. leading in this type of work
a8 the Pennsylvania Chestnut Tree Blight Commission, which
ﬁl established in 1911, The work of thls organization was
short, however, and since 1913 no attempts have been made to
'.Mk the spread of the diséane.
With the discovery of the presence of the fungus in
M and Japsn and the relative resistance of the chestnut

species found there, tizo Japanese chestnut Castanea crenats,

" the Chinese cheatnut Castanea mollissima Chinese chinguapin’

Castanea sequinii and the Chinese timber chinquapin Castansa

Henryi, new hope was aroused with regard to the possibility
| of bringing the chestnut back to the American woods. This
gould be done by the breeding of a new resistant strain of
_ ghestnut by crossing the above mentioned Asiatic specles with




the susceptible Castanea dentata.
_ The earliest hybridization work carried out with chest-
‘ut was started in 1888 by George W. Endicott of Valley
.m,— I11, BHe was working only for the improvement of the
‘nuts 1:‘: the Japanese chestnut and his work resulted in the
variety Boone, which he developed in 1894, (33).

In 1894 Walter van Fleet atarted his first breeding

»_Ulk also with nut improvement as the main purpose. Van
Pleet was working mainly with the crossing of “werican chine-
quapin Castenea pumila with the leading European varietles
and with Japanese chestnut, He developed one important
hybrid the so=called 3-8 C.pumilas x C.crenata, which since
‘his death has been used in further crossing by the Division
- of Forest Pathology of the Bureau of Plant Industry, Soils

- and Agriculture Engineering, United States Department of
 Agriculture,

The Division of Forest Pathology extended Van Fleet's
work beginning about 1928 so that it now includes not only
,‘tho breeding for better nuts, but also the breeding of a
Lt.m of timber type, which can take over the position of

" the 0ld American chestnut in the forest areas in the eastern
United States,

In 1930 Dr, A. He Graves, then curator of the Brooklyn
Botanical Garden, started breeding work with the chestnut.,
Dr. Graves had since the very beginning of the epldemic been
interested in the subject, and had constantly been on the
lookout for resistant strains of the American chestnut, which




have developed, as the blight swept the country--a
Mng of great importance also in the present breeding work.
it mot until 1930 d1d his sctual breeding work start. In

year he made his firat crosses between C. crensata,

 ’ A he found as large trees on several estates on Long
nd, and C. dentata, hoping that this hybrid would have

resistence of the Japanese parent and the tall, erect
owth of the American, These first crosses ylelded 10 nuts,
t in spite of great care all the nuts molded and not a
ingle plant was obtalned. This initial very dlscouraging
- t, however, did not prevent the starting of new crosses
the next year, this time with better results, and from
ils year and up to the present time new crosses have been
every year.

The first crosses made were,as sald above, C.crenata x
atata, but since 1934 other species of the genus Castanea,
‘v the chestnut proper and the chinquapin, have been used

) & large extent. Especially the C. mollissima has, because
s high degree of reslstance, been used in many of the

g8t importent hybrids developed.

. This paper is en attempt to give a botanical description
B of the nife important spesies snd hybrids. The na-

: range of the species will be given and in the Chinese

ad Japsnese chestnut the climatic conditions over their

' range as determining the areas in which they cen be
sduced in the United States will be discussed. The

pising of chestnut trees from the germination of the nuts



0 the care of the older plantation will be taken up for

R A

_.,tratitm including such factors es germination, tem-
atures required, care of the young seedling, establish-
o it of a plantation under forest cover with requirements
mm: and site, pruning, cultivation, fertilization, etec.
11y, injuries of the chestnut ceused by animals or cli-
ite will be described, and means of control consldered.

. In en appendix the results from an experiment designed
" find & way to hasten the germination of the nuts and in-
olving some 1500 nuts of Chinese and Japanese parents will

B -
. A

2]



X =

" GENERAL DESCRIPTION of the GENUS CASTANEA (Adams) Mill,
s - ‘

. The genus Castanea is a small genus of about 13 species
ound in southern Furope, eastern United States, southwestern
nd eastern Asia,

. It 1s composed of deciduous trees or shrubs with furrowed
. The twigs are usually stout, terete and without true
erminal buds. The buds are covered with two or more pairs

. ightly imbricated scsles. The leaves are ovate, ellip-
1o 1 or obovate in shape with acuminate apex and cuneate to

"0 i or slightly cordete. The margin is more or less

“ rkedly serrate. The veins are thin and run to the slender
be eth .at the end of the serration. Stipules are present but
iduous., The leaf-scars are semi-circular with 3 or more
dle secars forming sn irregular row.

. A somewhat more thorough deseription of the flowering
bit of the chestnut may be of interest st this plsce, it
eing rather complicated and of great importance in the |
! iing work.

The chestnut is monoecious. The flowers are borne on
pmmt year's growth in long aggregeted catkins., Near
m of the flowering branch the catkins are uhlisexual
d bear male flowers only; these are found in clusters of
7 snd the individual flowers consist of a 4-6 lobed calyx
‘with 10-20 yellow stamens with long filaments. Nearer the
apex of the branch the much shorter bisexusl cetkins are

-
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found, They consist of staminate flowers similar to the ones
Just deseribed, end at the base the pistillate flowers are
‘found, elther sollitary or In clusters of 2-3 (occaslionally
'k or 7) surrounded by the involuere which lster forms the
, woteristic spiny bur. One or several such clusters of
| istillate flowers may be found et the base of the bisexual
eatkins. (75.93.95.101,103.).

- The shedding of the pollen falls into two distinct
periods. First the anisexual stsminate catkins at the base
of the flowering brench shed their pollen, and not until
geveral days later do the male flowers on the bisexual cat-
kins mature. The pistillate flowers may begin to bloom
ither before or after the shedding of the pollen from the
‘basal unisexual catkins. (101.103). This has been called
‘duod chogamy as opposed to dichogamy, where there 1s only
one time of pollen shedding and one for blooming of the
Mﬁ flowers, the two periocds occurring at different
times., The pollen from both types of catkins has been
_proved to be fertile. (103).

. As stated above, the pistillate flowers may start to
m elther before or after the pollen-shedding of the
 unisexual basel eatkins, thus belng elther protandrous

Q 7 flowers developed first) or protogynous ( ¢ flowers
:Qowlapad first). Some trees are almost synacmous, ( 7
~end g flowers maturing at the same time). The protandrous
? trees usuelly have s long period of stsminate blooming and

a relatively short period of blooming of the plstillate
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lowers; in the case of the protogynous trees the situation
:;ioversed. The protendrous trees are the most common,..(103).
~ The chestnut 1s well known for its almost complete

self sterility and the question is then, how does the above
gseribed habit of flowering influence this, and are there

iy other factors affecting the result. The duodichogamy
,{f,IVDd has the effect, that the perilod in which close
sllination or self-frulting can occur is limited. If we
;Efaider a protendrous tree, it 1s obvious that no close
Lé3lination gan occur in the beginning of the perlod of

] ng when only male flowers are mature. In the mid-

§5* od of blooming, however, both male and female flowers are
f ?alapad and close pollinstion 1is possible; thereafter, at

t end of that period the plistils have ceased to be recep-
tive, and although pollen still is produced, no close polli-
_.” sn ecan oceur, In the protogynous tree it 1s again (due
jf’tho long period of pistil blooming and the short period
'-f'pollcn production) the two end periods in which close
pollination is impossible and a cross pollination necessary

g the production of fruits. (103).

It 1s thus obvious that although the condition of duo-
:”fchagany shortens the period in which close pollination can
%',15 another factor must be present to obtain self-sterility.
'irﬁ" Vilkomerson (103) made several controlled close pollina-

fvﬂiéns {a total of 464 flowers) and obtained only 4 nuts..
ot
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b exanmined £ separate chestnut trees in California and

found that although the bura reached full size, not a single

?4f'1. nut developed. A similar example was noted by the

| iter this fall in Cheshire, Conn. Here & Lig Japanese

jhestnut tree bore a hesvy grop of burs, but only one nut

;:~tbnnd; this has been the case with this tree also in

jhe past. Apparently the pollen from the seme tree 1s in-
patible, so that this and duodichogamy sre tne two fac-

resulting in the self-sterlility of the chestnuts.,

__ Cross pollination takes place with ease. An examina-

don of our pollinetion records from 1955 to 1946 showed
1gt 169 different combinations tried, 130 or 77% were
asful at least once. The 23%, which were unsuccess-

ul, are in all cases, combinations which only have been

g a few times, =nd not enough to prove definitely that
pollen is incompatible,

Pinally it may be stated that parthenogenetic develop-

(;;vat nuts has been found in the camse of . pumila by
lorris. (87). After removing the staminaste flowers of the
i} ihna1 eatkins the pilstils were bagged and although no
';,« was applied, he obtained fertile nuts, which however

howe gertain peculisrities, such as ci.lorophyll in the

_Jiﬁ}idens which were protruding through the seed coat be~- |
; the nuts were fully developed. Also the plants which
sped differed from normel, some having much larger,

o hers mach smaller leaves.
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. The fruit is a light to dark brown (sometimes with dark-

 stripes) nut, glabrous or tomentose, ovoid in shape, acute
| with a pointed apex which bears the remnants of the

* The hilum is a large pale scar wmeﬁ more or less
tely covers the base of the mut. The nuts are borne

1 v or in clusters of 2-3 in a 2-4¢ valved involucre,
el
@ involuere, whieh later forms the bur, is globose or short

long; the insides of the valves are more or less tomentose,
1d ‘the outside pubescent or tomentose and covered with rigid
w or glabrous often much-branched spims.- The cotyledons
hrgo and fleshy, more or less sweet, and have a high

‘ tval“: gcontaining a large proportion of starch.

"Alttﬁioa of the chromosome number have been carried on
.01.. (104). He found a haploid number of 11# in the
'jf-' 8 C. sstiva and 0, crenata. lioreover, he found that
ﬁn order Fagoles the number was constant within the var-
geners; it thus seems justifiable to assume that the

me number will be found in all species of the genus

J.

i

by,

After this thesls was written a reference {Richens, R.H.:
orest Tree Breeding and geneties. Imp, For. Bur, Oxford,
igland, 1946) was found, which gives the haploid number for
. dentata and C. sativa as 12

- ’\. r}"

e -

E Goe-
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._A DESCRIPTION of the INDIVIDUAL SPECIES and HYBRIDS
1. SPECIES

§ American Chestnut Castsnes dontats (Marsh) Borkh
4 The American chestnut is or rather was, since the
hestnut blight has practically killed off the specles
n its natursl range, a large fastgrowing and well
3 timber tree in the forests in eastern United
tates.

- In t_he forest the tree reached large dimensions,

: 1y from 70-90 feet in height and 3-4 feet in dia-
ster, but trees 120' high end 6' d.b.h. were not at all
' (?ﬁ,QS). The growth rate 1s comparatively rapid (10)
nd Zon (109) gives the following data for height growth

=

Age Height Lﬁm Innual Height
Seedlings Coprice growth of seedlings
years

10 71 23! .70!

20 17 420 85!

30 33 57t 1.10*

40 521 69" 1.30!

&0 64! ki 1.28°

80 73t 83! 1.28"

- Table #1l. The height growth of C.dentata
o These figures mmpare falrly well with the flgures ob-
"‘? ir '. from measurements taken in the plantation in Hamden.

trees of ages fpom 6-12 years and all originating from

' Gomputed by the writer.
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peds showed an sversge mean annual height growth of .85

a range of .19' - 1.37'. Pigures are not given for cop-
loe growth due to the difficulties involved in en sccurate
determinstion without ecutting the shoots.

The range was as shown on the map bslow, the Northeast,
Appalachisn Reglon and part of the Ohlo and Mississippl

. . —— —

Figure #l.
The range of C. dentata
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m the trees within 1ts range it was one of the most
p species, due to the very excellent characters of the
The hesrtwood is very durable, rating as high es the
in this respect and therefore being well suited for

s hone poles, construction timbers and the like. Other
s from chestnut were mine timbers, fence posis, shine-
‘Atoad for boxcs end crates,for interior finish, for

: and water pipes,for ribs for ships, for agricultural

2 nts, for veneer and a great varlety of other goods.

2 as well as the heartwood has & very high tannin con-
7-12%) snd 1t has therefore been extensively used in
aﬁauracturmg in the States. Finally the high ouality
the nut must be mentioned, 1t being far superior to the

E 2 and Japanese mut in sweetnesas and consistency of the
the Japanese snd Buropean being rather tough.
features”

ets glabrous or nearly so. Rich brown at least on
surface, the lower surface of young bran hes green-
 with many small white lenticels. Bark in the young tree
and grey (somewhat darier than on Pagus grendifolis);
¢, dark brown, divided by shallow irregular often inter-

4 fissures into broad flat ridges; (13);
eaves 6-83" long 11"-23" wide; elliptical to obovate;

e
3

scuminate, the base symmetrical or asymmetrical,

1

J'bt-nieal deseriptions are, where nothing else 1s stat-
; 4 on specimens collected in the beginning of Qctober,
in the plantation of the Connecticut Agricultural Exper-
Station at the east end of the Sleeping Glant Hountailn,
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3 to acute; upper surface dull yellow-green, lower
pale vellow-greeny glabrous, but according to
» with minute glands on lower surface when young.

b (85) ealls 1t a fine cobweb-like tomentum. OSerra-
m with dbristle-tirped teeth, with 17-2C rairs of
pmllel veins,
s about twice as long as wide, sometimes with short
m the apex: somewhat dlivergent, light brown, outer
» which usually do not extend to the tip,somewhat
’ » in color; phyllotaxy 1/2 or 2/5.
. Blooms in Connectilcut, in the beginning of July
:'"-m!)‘ The staminate catkins are 6-8" long, the bi-
23"-5" 1long with 2-3 involucres of pistillste flowers
f' the base. (95). The Qecia# starts to bear when it is
years old.
Bup, 2-23" in dlameter, pubescent and at the outer surface
d with long slender and very rigid glabrous spines, which
_ such-branched near the base. Opens readily in late Sept-
: _T into four valves. Inner surface densely covered with
hairs.
Pats. 2-3 together in the bur, rather small compared with
ﬁi:er species, about 1/2-3/4" gerozd, snmu!mt wider
m, with silky yellow-white hairs from the middle to
m Seed testa densely covered with a thick tomentum,
removed. MNeat asweet and erisp. Reed (80) gives the
x " r of nuts per 1bs. as 130-200 with s minimum of B86.

K Both Sergent and Harlow s »
ays 1/2-1" across, but no nuts
M.s as that was found by the writer. .
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se Chéstnut: Cantsnea crenasta Sieb., & Zucc,

W

vlhnttte (18) states that the Japsnese chestout 1s found
 the middle of Hokkaldo im the north to the middle of
ha in the south and in the southern part of Korea.

Flgure #2
The renge of Cestanea crenats and Castanea mollissima,
@ (., crenata
@ C. HMollissima natural
=—— (., mollissima cultivated
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— sk (96) gives a somewhat more definlite deseription of
He discloses that it goes as far north as Sapporo
-f pmakomol on Hokkaido, here growing in the “"plainforests”
gnenwaldern). In the south it gradually climbs higher and
er up in the mountains until in the middle of Kvushu it
ws at en elevation of sbout 3,000'. In the south the

: s is one of the members of the mixed herdwood type, the
}f species being from the genera Fagus, Quercus, Fopulus,
lus, Juglans snd Hegnolis. The best development 1s at-
ned in the northern provinces of somori and Akita on the
of Héndo.

';:ﬁpm'a climstic condition 1s strongly affected by the
position of the country, the summer being rather cool
. winters mild. The precipitation 1s fairly high, and
distributed over the year, although the months of August
tember are the rainy sesson.

e t‘allmting table II will give an idea of the condi-
ns. The data are taken from Schenck. (96).

_ If the data from Jepan are compared with Table I1I

sh gives the similar data from the chestnut range in the
jod States, 1t will be possible to drew some eonclusions

to the area in Japan from which introduction in the United

¢en be made with most success.
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M paEsToTtatTen In o

May June July August Sept. Oect. Nov. Dec., Mtl
S— Average T
. 8.8 12,9 189 1910 20.6 17.2 11.5 6.3 33 9.8
#2053 241 340 ssi 314 603 192 12 85 290
¥ 8.6 15.1 1.6 21.6 24,0 17.9 12,1 6.0 .6 9,7
2 133 130 184 130 295 366 167 271 186 2258
B | 80 18,8 170 21,3 234 17.3 115 5.4 0.0 9.3
88 - g3 116 114 91 140 226 114 167 118 1416
2 7,9 10.8 15,0 19.2 22.0 16.6 10.8 4.3 «l.0 8.3
“# :
7 | 100 134 146 104 170 276 126 204 140 1704
B | 55 105 150 180 P2 169 1.8 4.4 L8 7.9
' 8 10 67 48 103 146 103 95 B89 008
B | 5.2 10.4 148 188  20.7 16.1 0.8 2.9 - 3.4 6.8
B 5 64 64 91 96 129 107 100 94 1012
B 5.9 10.3° 145 184 810 1656 104 3.8 2.6 7.4
8 81 100 66 148 102 148 163 94 93 1008
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ble TI. Climatic date from Japan

P . Average temperature in C, and

PR

¥

Name of Station Letitude  Altitude Jen., FPeb, March |

. Besshi 33°51'  9s0m T .2  -1.9 2,2
E- P o137 : "113 194
~ Akita II 39%45!0 T 1.8, -z2.2 1l.4
= Hardwood zone P 152 110 142
homori I 40%58" T -2.4 -2.8 0.8
Thu jopsis zone P ©4 68 88
. Aomori II . 40%30" P 3.1 3.3 0.2
- Cryptomeria and .
Thu jopsis mixed P 114 83 107
. Hakodate - 41%e6 SmT 3.3 =3.1 .2
P 5.8 59 68
Saproro 43%04" 17m T 6.3  =5.4 1.7
- P 82 66 62
. Pamakomal 42%0" - T 4.5 4.2 -8
E , P 58 59 68 |

Ll

i




the United States

and Precipitation in mm, (P)

April May June July August Sept. Oct., Nov. Dec. Total P
, ' Average T
8.0 14;9 1QQ9 22;6 21;4 1?.& 10;9 4;5 ‘2&6 9:1
" 66 74 89 8¢ 21 79 69 69 61 878
T4 13.7 18,6 21.4 20,0 16,2 10,0 3,8 2.6 8.4
B8l o7 81 109 109 21 21 84 89 1108

88 14,7 19,6 22,6 21,2 17.6 11.8 5.4 =0

. 8 - 89 81 102 107 86 91 94 1092
8,3 14,3 19.35 22.2 21,2 377 N Y 0.1 9!
. 94 79 109 114 46 94 91 | 1166
| 304 15,7 20,3 22,7 21.8 18,7 12,2 5.6 -0.1 10,8
76 89 99 97 86 86 76 69 79 993
10.5 16,6 21,2 23,7 £2,.85 19,0 12,86 6.2 0.7 11,3
79 94 102 97 90 86 76 590 79 995
12,6 16,8 20,7 22.3 21,9 19.3 13.3 7.7 3.8 12,8
79 80 102 114 109 76 7L 80 8 1027
14,6 18,9 23.0 24, 24.3 21.6 14.9 8.8 4.8 14,5
127 107 109 124 104 79 70 94 145 1345
26,2 21,1 25,0 26.7 25,6 22.8 16.2 11.7 6.8 16.2

456 78 107 122 137 86 53 81 127 1363
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Iix. | Climatic datas from

Average temperature in C,(T) ,

E
1 %
|
|

> of Station Latitude Altitude  Jan, Feb., March

Albany, New York 42°38' 2 20m 20T =4,7 =4.6 0.8

= &1 81 69
jmherst, Mass. 42%221 PraSEEo S T W
P 8 " 81 9

Rartford, Conn. 41%401 48 m T Bd =27 2,9

P 86 88 - 97

few Haven, Gonn, 41%19" 38 m 8.0 . ~1s8 2.8

99 98 107

"'10? '0.5 *Q& &
91 61 _ 84

78 y # N, .

3.4 4.0 8,3
7i. %9 9 =

3.9 5,0 9.8
132 1Y v
45 6.2 1.2 |
iz2 119 188 _

2R ny

son, Ohio 40%251 250 m

rrisburg, Penn. 40°15' 109 m

111e, M.C. - 38%4qr 680 m

11shessey, Tenn. 38°20' 137 m

Wi Ukl (ol U UMl UM

Hewburg, Ala. %% 200m




-12«

ors to be considered in this connection are the
g: (a) Tempersture throughout the year and maximum
: extremes; (b) the date for the first fall frost
Eﬁt spring frost; and finally (e¢) precipitation,
pather important in the case of the chestnut, s genus
gensitive with regard to drought. In the present paper
i"ﬁtroductian in Connecticut will be considered, re-
ted by Hertford and New Haven in the climatic data,
. It will be seen that the stations in Japan which
e closest resemblance to Hertford and New Haven are
ﬁvﬁhn fomori I snd II. Akita II, however, has a pre-
fon sbout twice as blg as that of Comnecticut, end
‘fr& this section of Japan would probably be less
thls state than specimens from the province of
: the precipitation is only sbout 300 mm higher
 New Haven and Hartford. Extreme temperatures are

i II given as 30.8°C maximum and -19,0°C minimum
lhuun has had e high of 38.3° snd a low of -25.5%C
of -MOC 1s reported by Graves 1934 (57), a tempera-
',?*',: however, should not be fatal to the Japanese
" according to Clapper and Gravatt (27), who state,
tures from -32°C (-20°F) and down are fatal.
winter injury may occur at this temperature
) 1s undoubtedly the case, and introductions even
north may be advissble. Data on the late spring

nd the early fall frost are unfortunstely lacking so

R ¥y




Wiseussion on this important point is impossible.
;éru where the specles according to Beattle (18)
. under wild conditions, the climate 1s much more
than that in Japan, with less precipitation, and a
rainy season in the summer. Temperatures as low

P are common in the winter without snow cover. It
rever, doubtful that introductions from condit ions

e, which still differ notably from the smerlean

": Jm successful than those from Japan.,
worcunatoly, the data concermning the origin of the
m at Hemden are incomplete; it 1s therefore,

» to compare the hardiness of the different trees,

: an exact deseri,tion of the native home of

1gn tree planted must be obtalned whenever possible.

erenata 1s only a small tree with a low setting

i occasionally attains heights over 10m (30') with

8 d,b.h, of up to 5' (96)" and it 1z only of minor

nge in the deciduous hardwood forest in Japen. The

h seems to be somewhat faster than that of ¢, den-
1, they are still young. 11 trees messured in Hamden

mean average height growth of .99' with a range of .50'-

range in age being 6-17 years.

consists of a narrow light brown zone of sapwood
dark brown heartwood, it is elastic, easy to split and

urable. The most inportant commerclal uses are for tiles

ms to be the comon opinion among botanists. Beattie

tatea that 25 year old Japsnese planted chestnuts measure
pith o daboha of 5"‘5 ®




od, (96). Also for charcoal it is used to some

ease grown at a short rotation of 15-20

e tannin content is about the same as that of

n ohestnut,and 1t is used for tannin extraction.

8l features:

ets when young fine pubescent, late in the season
fow fine halrs remain near the tip of the branch, other-
ibrous, Bark when young reddish to reddish brown where
0 1ight, greenish underneath, many comparstively large
pnticels. Older bark dark reddish brown, soon becoming
shallowly furrowed and more greyish in color. ,

38 4-8" long, 1-13" wide; oblong to oblong-lanceolate
ecuminate apex, base asymmetrical or nearly so

rougt rounded to subcordate. Upper surface glabrous,

_ with a multitude of small yellowish white glands,
the whole lower surface a yellowish-white color; upper
m light green, Nerves 190-25 pairs, hairy sbove,

‘1@ and glands below; serrations very fine, teeth re-
bristles.

with short tomentum near tip, two outer budscales
'i exposed to light, tilp yellow; conicel in shape
;Miact point, somewhat divergent. Phyllotexy 1/2.
:_Q,A;; may develop vhen the trees are about 4 years
looming in Connecticut ocours from sbout June 24th =
hesth, Schenck (96) mentions the length of the catkins
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'ﬂ (4-4%"), and does not distinguish between the
| nd bisexual catkins,

t 22" in diemeter (2-24"). Short pubescent on
mfnea, spines with a few glends and hairs some-
ater then those of C. dentsta. Silky halry on inner
mh less than C, dentata. Does not open readily,

' : shed from trees unopened.

s 1-7 in the bur. About 3/4"-1" wide and 7/8" to
X light brown in color with darker stripes from
apex. Hilum covers the whole base of the nut.

, short hairs toward the apex. Taste not as good
tata; meat of a conslstency somewhat like raw
m testa difficult to remove. Reed (90) gives
dauumpomdumosowithammlm of 16.
ny in September and early October, but some

as of the end of August.

oY
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}55 se Chestnut, Castanea mollissima Bl,

The Ghinese chestnut is found planted extensively through-
hina. Shun-Ching Lee (82) who does not distinguish be-

:} anted and wild distribution, mentions the species as
'f» sent in the following provinces, Hopel, Shantung,

|, Kansu, Chekiang, Klangsi, Hupeh,Szechwan, Yunnan,

o

751, Fukien, Kwangtung, or in other words, over the en-
#j%fﬂ proper with the exception of the provinces Kiansu
’;ew between Hwang-Ho and Yangtze to the east and Hunan
;-!hngtza and Canton to the south. Schenck (96) de=-
;;thut the native home 1s the mountains in western and
ii tern China; to this must be added northwestern China
it was found wild, growing under forest conditlons by
5?'son. (18). According to the above-mentioned three

s Map #2 has been made, A glance at Table #IV will

: the introduction from China of C. mollissima is
;;«ricnlt than that of C., crenata from Japap, the cli-
_ﬂ ditions being so very different from that of Eastern
;jjwatea. Eastern and southern China even on the higher
%;(t are much warmer than in the States and there is a
fé,ud rainy season in the summer in which the precipita-
f%:ﬂoncentrated, Introductions from these parts of

:g, t be expected to be unsuccessful.

ifi.‘ild chestnut which must be expected to be more de-
? for forestry purposes than the low spreading orchard

s as stated found in the western and northwestern part

proper. The climatic data from the northwestern

-
d




Eabie #IV.

Clinatic data from China _

Average Temperature in C (7T) ;“ﬂﬁg

- Name of Station

and Province Latitude  Altitude  Jen. Feb, March Apr. _ Ma

P % J

~ Peiping 39%s0? 52m P -1.9 =3.7 =3.,3 11,5 18
~ _{Chahar) P 1 2 7 6
Pentsin 39°001 Bimiic Poosbal selil-iv 6a¥ Y
~_(Hopeh) P 4 2 10 17:
‘~ ) |
Tailkang 34%1 T 2,9 2.6 9.7 16,3
; {Honan ) P 17 13 11 35
 Fanking 32°%05" 216 m T Sl 8.8 B3 - 14,0
- {Kiangsu) : P 41 50 75 101
. Hangchow 30%11" 1I0m T 4,7 5.4 9.1 15.0
~ _{Chekiang) ¥ 62 85 137 146
~ Itch'ang 30%421 518m T 5.6 7.0 11,56 17,6
- _(Hypei) ' P 20 29 54 101
|
Anyo 30%06!* ? 7.0 8.4 11,0 16.0
(Szechwan ) P 15 20 33 12 8
. Chunking 20°34' 230m T 9.2 9,9 14.2 19,7
~ _(Szechwan) P 17 20 35 102
~ Chet'slen 27°20" 450m T, 5.9 7.0 14.4 16,0
~ _{Eweichow) PS80 _ 28 28 85
* o .
E {Yunnau) P 13 13 14 i8
* Kiukiang 20%451 20m T 4.7 5.6 10,0 16,7
' '(xlgngsi) P 63 83 151 181
1 !{(:tehqm)x 20%241 T 4.8 5.4 8.8 14.6

Hanan P 3% 93 148 A
- O :
~ Foutcheou 25 591 20m T 11,7 10.9 13,5 18,0
~ (Puklen) P 47 96 118 122
0

Canton 23 7! 15m T 13.7 14.9 17.2 21,0
' {(Ewangtung) : P 50 75 76 148

 Teingtao 36°04" 7Té4m T 0.4 0.4 4.7 10,4 18

(Schangtung) Po-all. . 20 .. 88 84

¥ The precipitation is taken from Kwelyang ln the same province. :;
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 dsipliins, VL, bl e

| Lamntie o d

YT

i ol (il

and Precipltation in mm (P)

: Total P
May June July August September October November December Average T
18.6 24.’7 26.1 24.4 20.1 12.7 - 4.1 "1.9 11.5
32 . 80 267 141 44 20 10 4 504 4
19,5 23,7 28.1 25.9 20.9 14.2 4.5 -2.4 12.0
27 64 174 133 48 16 10 3 508 ‘
21,9 25,0 ' 27.2 28,7 = 22.2 17.9 9.6 4.8 15.6
3 118 177 175 133 35 24 2 775
19,9 24,0 27.4 27,3 22,6 17.3 10.3 4.5 e
82 183 207 116 94 ' 50 41 20 1070 f
22,2 24.5 28,3  27.9 23,2 18.2 11.8 6.0 16.4
111 249 152 176 135 107 82 60 1502
22,4 26.4 29.0 29.0 24,4 19.2 13,4 8.0 17.8
123 155 211 170 100 84 36 14 1097
20,3 23,4 25,7 25,2 22.0 17.7 12,5 6.9 15.2
8¢ 160 153 163 04 86 25 4 - 98
23,1 25,1 £28.0  20.1 24,4 19,4 14,8 10.2 18,2
141 181 143 131 147 115 50 22 1104
20,7 25.4 27.3  25.8 21.8 6.6
166 165 . 245 88 165 113 45 14 1171
230 ®2.1 28,3 21.3 18,3 17.3 13,3 9.7 16,7
94 155 239 207 136 92 44 15 1040
21,9 26,2 29.8 29.1 25,0 19,2 13.0 7.4 17.4
174 243 143 131 89 97 68 43 1466
19.5 23.8 26,2 27.9 21,2 16.1 T e 15.2
152 224 115 115 74 97 110 34 1322
22,4 26.8 28,9 29,1 26.6 22.6 17.7 13,1 20,1
150 208 181 182 214 51 41 a7 143
24,8 26.9 £7.0 27,3 24.1 20.2 1655
254 - 265 271 283 135 63 44 36 1701
16,1  20.0 23.3  24.9 21.2 ¥8.0. &1 1.4 12.2
41 85 156 147 84 33 21 16 . 662
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' the country are incomplete and not very reliable, but
he conditions here are more severe than in eastern United
;f:\“ fact, and as emphasized by Beattle (18) trees in-
fi from the colder parts of China are apt to suffer from
i%**i frost, because the warm weather early in spring
:;;kited States brings sbout the leafing so early that
ﬁ;»r will be damaged by frost, A somewhat similar con-
‘?;ty also be found in the fall where the growth contin-
jlang that injury from the early fall frost occurs. The
.;‘ﬁes to find the specles will probably be in the North-
33 part of the province Szechwan or in the southern part
é;*, although it is hard to draw any definite conclusions
J the lack of information. Orchard trees will undoubtedly
;ewiuﬁed from the area around Pelping and Tientsin most

‘ £ ly. Here the temperatures are much like those of
f-icut, although the extremes are lesé severe than in
 state, the absolute minimum being around -18°C compared
 -25°C in New Haven end Hartford. Thus some winter in-
;pnst be expected.

flpre as in the case of the Japsmese stock, information
:Ewgprd to the origin of the trees is incomplete. None

?f trees 1s, however, from the areas from which importa-
ftauld be expected to be the best. In 1935 lots were re-
ved from Cheklang and Hupeh, in 1936 from Hopeh and in

§1 from Kiangsu, all eastern provinces and of a rather south-
i latitude. One lot was received in 1935 from the Chahar
l?wée in the north, but it does not seem to be more hardy

53

an the other lots, and may be an example of Beattie's
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f_{ trees from the coldest parts of China cannot
ta be the most hardy.
M; mollissima does not attain any large size al-
| somewhat larger than Japasnese chestnut. A max-
t: of 20 m (680') is occasionally reachéd with a
edi d.b.,h, of about three feot. The form 1s spread-
' amchlrd tree with low setting erown. The growth
ta be a little faster than that of C.dentata. For
nsnl from 3-18 years an average mesn annual height
nﬂﬁ‘ was found.
'ﬁ; tion sbout the commercial importance of the specles
land are lacking as far as the wood goes although
:{_ 1s it & "most valuable timber tree--," The tannin
i thont the same as in the American chestnut. (18),
llt. however,is highly apprecisted in China for its
valnm and excellent taste, this being the reason for
'fnga planting of the tree throughout that country.
e feabures:
c 5, long pubescent and with some longer yellow
het yonng, later in the sesason only pubescent just be-
'#yctnﬁcterainal bud; previous year's growth greyish to
J;Q brown, with several narrow furrows of darker color,
:.aoveral large grey lenticels. Bark on older branches
. brown, becoming furrowed st sn early stage and dark
m in ecolor.
52303 5-7%" lﬁﬁg, 2-3" wide, broad elliptical to oblong,

f,; slightly ovate. Apex short acuminate, base rounded
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A" ncate, symmetrical or asymmetrical. Ilower surface with
'F cteristic dense greenish white tomentum; shiny end

en, on upper surface, Serrations uniform and coarse;
#aira of velins, glsbrous above, tomentose below, at

:=: earlier in the season.

gg comparatively large, broad, ovoid in shape, with
,&_‘lhort pubescence, a short pointed apex, greyish in
somewhat divergent. Phyllotaxy 1/2, but to some

f irregular,

, fimm develop about the third or fourth year, but do
 usually smount to much until the 10th-12th year. (92).

‘} pimtatiun at Hamden the first flowering occurred in
5’ a tree received as a two year old seedling from the

; | States Depsrtment of Agriculture in 1929, the tree

b 155 7 years cld. (55). The pmduetimeas varies

y ;lﬂh from year to year among the individual trees, some
boar heavy crops annually, some biannually, and others
1rregnlar intervals, (19), The blooming starts st Ham-
'gbeut June 27th ( & single year as early as the twenty-

’ ad) and ends about the tenth of July. Schenck (98) gives
§ length of the male ecstkins as 3-4".

m 23-3" in dlameter, long pubescent on the outer sur-
- Spines hairy and much branched. Inner surface long

lky hairy. Opens readily by three or four valves and often
mains on the tree for a short time after the nuts are shed,
: Nuts 2-3 in the dur, very variable in size. The measure-
nts taken by the writer at Hamden were 3/4" - 1" wide and
8" - 1-1/8" high., Blake (19) glves the wedth as .82 - 1,27"
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of nuts per pound varies very much. Blake
44 large snd 144 small nuts per 1b. Reed (90)
7!9»?5 with a minimum of 29 nuts per lb. Light

o mahogany brown in color, sparsely covered with
iite hairs becoming denser towards the apex. 3Seed
, and easy to remove. Meat of high quality, like
n nut, sweet end fine §ozturod.

:‘iwv. Dwarf Chinquapin Castenea Seyuinii Dode.

y Mue dwarf chinquapin has its native home in

1 Ningpo in Chekiang in the east and along the

ﬂv&r valley to Szechwan in the southwest, It is

. nd in Shensi and Kweichou.(94). Sargent (94), how-

';-thlt it is not reported in the western part of Szech-
and differs in this statement from lee (82),

8 Yunnan to the south and west of 3zechwan in the

Mneu in which it occurs. This province has

boan included in Map #3.




®igure #3

.~ Range of Castanea seguinii

The species usually grows on the hillside at an altitude
3000 - 4800 feet, here forming dense thickets.
__ The climatle conditlons over most of the range of the
i'j' »f chinnuapin are much milder than in eastern Unlted States.

In Shensi, however, the temperature must be much lower (data

lacking) but introductions will probably be unsucessful




e

from here like that of Castanes mollissima. Thus, it

0 e expected that C. seguinil can be introduced success-
Connecticut; but it could undoubtedly be grown further
b with good results.
; seguinii is a small tree or shrub, which reasches a
t of 10-30', but under very favorable conditions it may
_" shapely tree 30-45' high with a dlameter of 5-9".
ther the wood nor the nuts have sny great commercial value.
the specimens in Hamden are killed back elmost snnually
frost, the rate of growth has not been computed.

tanical features:
E. Two types of the species are growing in the Hamden planta-
on, which differ somewhat from each other in certain charac-
o ies. Ome type originated from nuts received through M¥r.
, C. Ching and collected in 1936 near the Lu-Shan Arboretum

end Botanlcal Garden at Han-Po-Kou, ILu-Shan, Kluklang, Chinaj

he other were received through the United States Department
‘of Agriculture in 1929, the orgin of which is unknown to the
_writer. The following deseription is based on the one received
;?ﬁam,!r. Ching in China,

Branchlcts when young short pubescent, later glabrous

or nearly so. Young twigs greenish brown, later turning dirby
- brown; many large white lenticels; older bark dark brown.
Leaves 3% - 5" long, l-11" wide, oblong to obovate. Apex

long scuminste, base cuneate to scute, seldom obtuse to round-

ed, symmetrical or gsymmetrical; serrations fine. Lower surface
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 01; covered with numerous minute glands which gives the
face a whitish color. Upper surface light green, somewhat
: 13-16 pairs of veins,pubescent on upper as well as low-
ipnrfaea.

}f Buds not present on the blooming shoots,short hairy near
:f’ oblcng in shape, with blunt mpex. Apex greenish to

alf-way up the bud, light brown to reddish brown, somewhat

,, rgent. Phyllotaxy 1/2.

‘: Flowers, As far as known to the writer the flower devel-
nt starts early, but unfortunately no references have been
.ﬁ'»i on the subject, The plants developed from Mr. Ching's

ts were used for the first time in the hybrldigation work in
fl 0 when the plants were 5 years old. The plants 'do NG

loom continuously throughout the season.

Burs with long feirly rigid spines. Spines short, hairy,
spherical and with a diameter of 1-1%", occurring towards the
spex of present year's growth end solitary.

‘ Huts small about the size of = pea. 1-3 in the involucre,
k brown, without much taste.

| b'?he specimens from the ﬂnltod States Department of Agri-
?xsture differ from this description in the following respects:
Branchlets glabrous or with a few widely separated short

3
hairs. Young shoots green, later turning to a mauve-brown col-

or. Lenticels smaller, yellower end more numerous than on the
gbove-mentioned form.
lLeaves, 34-834" 1-wmg 1-13"wide with a shorter, acuminate

senish white. The two outer budscsles, which extend a little over



Range of Cnstanea Henryl

is found in Shensi east of Hwang-Ho in the North, while
B

seguinii 1s found in Shensl west of the river.(94). The
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es each bearing a close resemblance to the other. The
roduction of C. Henryl into eastern United States is at-

ded with the same problems ps have been deascribed in the

of the Chinese dwarf{ chinguapin. It cannot therefore
expected that C. Henryl can be grown in Connecticut with
success,

. This 1s a most unfortunate state of affairs, the timber

_' nouapin being the only Chinese chestnut species which com-
28 with Castanesa dentata in growth hablit; moreover it is

jald to be resistant to the blight,., It is thus the only specles

which posaesses both the gualities which are desired in the
rosses and it would be of great ilmportance i1f the steock could
incorporated with the hybrids,
' The species reaches under the best growlng condicions,
helghts of 75'-90' with s dlameter of 23'-3' with a straight
‘bole snd a Grown high above the ground. The rate of growth
- is not mentioned in the literature and it 1s impossible to get
gatisfactory figures from the Hamden plantation, where all but
" one specimen are winterkilled to the ground year after year,
) fhe individual which has survived comparatively uninjured was
. pecelved from the United States Department of Agriculture in
1035 as a two year old seedling, thus being 14 years old. It
measures 1l024' in height or an MAI in height of .75'. The
growth habit 1is not of the timber type, but so far no cankers
have been found.
Botanical features:
Branchlets glabrous, present year's growth with pronounced




I

ge. s Ereyish green to green brown m_cqlor; previous year's
_: th greenish brown in color. Lenticels are not very numer-
The bark remains, as far as 1s k¥nown, fairly smooth and
r light grey-brown color for a number of years,
leaves, 5-8%" long and 1-1%" wide, elliptical to some-
lanceolate, long acuminate, base rounded to truncate,
times a little obtuse, Ieaf margin almost entirs,teeth
duced to small bristles. Both surfaces light green in solor,
e upper somewhat shining, glabrous. 19-24 peirs of veins
ere found on the specimens in Hamden, while Rehder (93) gives
e figure 12-16, glabrous above and with a few appressed
‘ rs below,
Buds ovold in shape snd pointed, reddish to reddish brown
in color. With a few short appressed hairs, somewhat divergent.
hyllotaxy 1/2.
: Flowers have only developed once on the specimers in the
:'IMen plantation (according to the polliination sheets) when,
j!n 1943, a six year old plant received from Mr. Ching, Chinsa,
‘bloomed with male as well as female flowers. Follinstion was
earried out July the second to July the eighth, which seems to
indicate that the blooming falls comparatively late in the
season,
Burs about 3/4" ascross with slightly pubescent spines.

borne two or three together on a short spike.

- Kuts# solitary or seldom two in the bur, globose, ovoid,
pointed, 172-3/4" high.,

¥ Based entirely on the description by Sargent (94) and Rehder (93)
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besn Chestnut Castsnea sabiva Mill,

resent the European Chestnut 1s found over the en-

m Europe from Spain through #cutham France,
slavia, Greece to Asia .iinor in the east. It is

_ hard to separate areas wggn;%gg%oe of the species
as in which it has been latrudncod and is found now
conditions. Prof. Kal am of The Royal Veterinery
' 1ltural College of (hpahugm gave in his lectures in
the native home of the species as the mountains in
1 part of Asia Minor snd Armenia, with a smaller

n middle Roumania.




Filgure #5,.

_ Range of Castanea sativa
. Prom Prof, Kal Oram, Copenhagen (Lectures)

amnative home

@® Introduced, now growing under wild cnditions
vwlao far the introduction in Connecticut has been without

| as, Two examples sre, however, known to the writer whére
A_i.-pwies has been grown in Denmark and developed to large

888, The winter temperstures in Denmark sre much like those
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’ with occaslonal drops down to -20°F, and zero
d all uncommon, To the writer this is an indi-
¢ 1t should be possible to imtroduce the European
anecticut and at least keep it alive until it
by the blight. This would be long enough to incor-
' lth the hybridi by breeding to a larger extent than

ga sativa grows to be a large well formed timber
n helght and up to &' In d.b.h. The rate of

mot been obtained, as the trees in the plantation
killed back to the ground regularly by cold.
is of high commercial value in Europe where it

nsively for poles end posts, for timber, for ;:

¥

Peonl, fuel and the nuts for food. 4s a smurce of

pecies is exceedingly importsnt. 770 million pounds

= e

"‘ harvested annually in Italy before the war, and

‘war the Itallan population often had to rely sole-

T S

tnut flour as food for weeks at a time. (108).

M

1 features:

TR,

hlets stout with slender ridges; soon glabrous but

e

ipapery surface. Young branches greylsh brown,

— e —
R s

to dark brown. Thicker branches dark brown with

.

SEE

rface, lentlcels light colored, not very abundant .
8 5-8" long 13-2" wide; ellipticsl to obovate; apex

o

base acute to rounded, symmetrical or slightly
3 serration coarse. Lower surface short-pubescent
M the nerves; upper surface dark green somewhat

18 pairs of veins with hairs and glands below and a i



_lfoa glands above,

Buds very large, ovold, with scute péint. Inner budscales
yith tiny white halrs, light in color, somewhat reddish., Out-
er budscales extend only about half way up the bud and are of
& dark brown color. Phyllotaxy 1/2 or 2/5.

Flowers have not developed on the specimens and only in
2 few cases has the species been used in the breeding work
in Hamden snd then always as imported pollen., It is thus
impossible for the writer to state when the :tree comes into
bearing or when the blooming oecurs.

Burs open in 4 valves. Further information is not avail-
gble.

Huts very large up to nearly 2 in dismeter snd somewhat
less in height. (19). 2.3 in the bur. Hilum covers the en-
tire base of the nut, Deark bdrown in color only with 2 few
helrs near the apex. It is generally supnosed that the ori-
ginal C. sative had small nuts like those of C. dentsta and
that the large size is the result of selection.

The Alleghany Chimouapin Castenea pumila (L.) Mill.

: The distribution of the chimguepin is from southern
Pennsylvanie and southern New Jersey to northern Florida in
the Gulf States weat to Neches River in the esstern Texas, and
from Oklshoma and Arkancas to southwestern Missouri, (73.76).
Sargent (95) says that in Arkanssas, southern Missouri and Okla-
homa, it is replaced by C. ozarkensis., In the Appalachian

Hountains it grows at altitudes up to 4500'. The largest
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size is reached in the eastern part of Texas and in Arkensas.

3 €, pumile is a shrub or a small tree, seldom more than
10'-15' high and 6"-18" in dlameter. W"hen the tree form is
attained it has a short straight trunk, with a spreading crown.
- In the southern states 1t occaslonally reaches a helght of up
to 50', with 2 diameter of 2-3!,

The wood is of a guslity, very much resembling that of
 the American chestnut, and it is to a small extent used for
fence posts, ralls, furniture and rallroad ties. (73). The
nuts are s source of food for meny smell game snimals. (76).
Botanical features:

Branchlets short pubescent to tomentose. FPresent year's

growth grey to greyish-brown; previous year's growth dark
brown and somewhat shiny: numerous small lenticels, but not of
conspleuous colors older bark reddish brown, slightly furrowed
and broken up in loose plate-like scales.

Leaves 3-5" lonc and 1-2" wide, elliptieel to oblong-
lanceolate., Apex ascute or slightly acuminate, base broad cun-
\“’eate, through acute to rounded, asymmetrical or symmetrical.
ﬁense white felted-tomentose beneath, without glands; upper
3urfg$o glabrous and shiny light-green; serratlon coarsej
19-20 palrs of veins tomentose below and glabrous above.

Buds short pubescent and fairly large. One of the out-
er budsesles does not it closely to the bud, but projects
slightly giving the bud a pointed appearancej apex of outer
budseeles dark brown, becoming lighter reddish brown cluser to
the base. Pubescent. Somewhat divergent. FPhyllotaxy 1/2.
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FPlowers develop early. OSpecimens planted in 1936 in Hame
den were used for the breeding work in 1940 when they were
four years o0ld. Ths bloom!ing tskes plece between June 20th
and July 10th in Hamden, Coker and Totten (29) mention May
26 - July 3 in North Carolina. Unisexual cstkins 4"-6" long,
bisexual catkins 3-4" long, silvery tomentose.

Bur found two together at the base of the cstkin near
the spex of the flowering branch; aspherical about 1" in
diameter. Spines short pubescent nesr the base, turning
red »~ the frult ripenss opens in 2 valves.

Huts solitary (seldom 2 in a bur), ovoid in shape and
pointed, Tomentose near the tip; grey brown in color near
apex, dark brown sand shiny further down; pericarp very thick
and hard to cut with knife, Seed testa 1-ng pubescent, About
4" wide and s little over 1/2" long, Taste, a little bitter.

The Ozark Chinguapin Castenea ozarkensis Ashe.

Green (73) gives the distribution of this specles as fol-

~ lows:"Arkensas (north of the Arkansas River from Center Ridge)

to-southwestern Missourl (and westward to the valley of the
white River); Arkensas and Oklshoma (Rich Mountain)“. Harrar
& Barrar (76) describe this chinguapin's range as fellows:

"The Ozark-Ourhita plateau in southern Missouri, Oklshoma,
louisiana and Wississippi, and on the sdjacent coastal plains.”
Sargent (95) follows the firs! mentioned description.

Castenea ozarkensis 1s a compersatively smell tree, with a

maximom height of about 60!, The form is that of a forest



tree. B81ix trees measured In the plantation in Hamden showed
an asverage mean annual height groth of 0.91'., The range was
«75=-1,08 the age was 12 years.
The species 1is of little commercial importance.
Botanlcal features:

Branchlets with a few scattered white halrs (this in Oct-

ober, probably more pubescent earlier in the season), Bark

on present year's growth light grey in color, darker sipripes
visible with a2 hand lens, Previous year's growth of a dark
brownish color. Ridges common on fast growlng shoots, Lenti-
cels not conspicuocus,

Leaves 4-8" long end 2-23" wide, ¢lliptical to oblonge
lanceolate in shaepe, with yellowish-green tomentum on lower
surface, no glends, Upper surface light dull green; apex
short scuminate; base from cuneate through rounded to slightly
subcordate, mostly somewhet asymmetricel; serrations very
coarse; 16«23 palrs of velns, glebrous above and with a few
heirs below.

Buds falrly lerge, somewhat tomentose or short pubescent
ﬁear~gpex; the two outer budscales of a characteristic shiny
reddish browm color; broad ovold in shape snd blunt: somewhat
divergent; phyllotaxy 1/2.

FPlowers: NHo notesz sre avallsble in the pollination sheets
as to the age required before the trees begin to bear,or at
what time in the seasson the blooming occurs., Hale catkins
4%-6" long. (96).

Burs about 3/4"-1" wide, densely covered with spines.

Nuts borne solitary im the bur. About .6" high.
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' The Ashe Chinquapin Castsnea ashel

The range is from northeastern North Carolina on the
coastal plains to northern Florida and slong the Gulf to
Texas. (20,73.35,76).

It is a small tree or ahrﬁb: on Myrtle Beach in South
 Carolina a tree 27' high and 104" in dlemeter has been found.
| Botenical features: :

Branchlets when young densely covered with yellowishe

. grey tomentum, Later in the sesson lower part of present
year's growth glebrous or nearly soj older bark dark and
smooth; lenticels somewhat lighter in color than the rest of
the bark, present in great numbers,

Leaves 4-5" long, 11-2" wide; obovate to elliptical in
shape; apex short acuminate or ascute; base acute to rounded,
symmetrical or nearly so. Lower surface with greenish white
tomentum; upper surface dark green and shiny. Serration
goarse, 14-18 pairs of veins, short pubescent above, tomentose
beneath.,

Buds small, with short grey halirs; ovoid in shape, point-
ed., "As they rlpen, the color becomes dark grey-brown. Phyllo-
taxy 1/2. |

Plowera: Specimens which were planted in Hamden in 1931,
were used for the first time in the breeding-work in 1942,
which seems to indicate that flowering occurs comparatively
late in the life of the plant. The blooming falls from about
June 27th to July 7-8th., HNo references give s description of

the flowers.
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Burs solitary or two together along the present year's

wth, Characteristic of the bur are the short rigid spines
jecting from the valves in small bundles, leaving bald spots
between. Spherical from .3" to 5" in diameter.

Nuts solitary, onion-shaped, about 1/4" in diameter;

apparently of a high tennin content.

The Dwarf Chingquapin Castanea alnifolia Nutt.

The dwarf chinquapin is found from Georgla through Flori-
da to Loulsiana, according to Rehder (93). Coker and Totten
(290) mention it in North and South Carolina also.

The apeéies is without any commercial importance, being a
low shrud,

Characteristic of the specles is the abllity to propagsate
by means of underground stoloniferous stems or "runners”.

Botanical features:

B?anchleta with dense yellowish grey tomentum as long as

they are young. OCradually the tomentum 1is lost snd the bark
yeeomaa dark b%ogn and smooth, Lenticels present, yellow in
color, but not conspicuous, Twig scar above pseudoterminal
bud 6ery large.

Leaves 3%@%' long, 3/4-1%" wide; oblong to obovate in
shapes &pex ;ﬁuminate, base acute to obtuse, symmetrical or
slightly asymmetrical; lower surface with dense whilte teméntum,
upper surface shiny light green. Serration rather fine; pet-
iole dense short-pubescent; 19-20 pairs of veins, short pubes-

cent on upper surface, white tomentose beneath.

%
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| Buds rather slender compared with other species, complete-
covered with grey tomentum. CColor grey-brown. Phyllotaxy 1/2.
gggg_nat borne at the extreme end of the flowering branch
4-5" from the end, 3-5 together at the base of bisexual cat-
83 spinés rather soft and not dense at the base of the bur
80 that the valve itself can be seen. Valve with white tomen-
ﬁu. Burs spherical in shape, 3-%" in diameter.

Nut solitary, conical in shape, about as wide as high,

pointed and with tomentum near apex, About .3" in diameter.

Castanea margaretta ® Castenes floridana margsretta Ashe

Green (73) gives the following distribution for this
species: "North-central Alabama (possibly also extending into
northeastern Georgia) and northeastern Texas to central south-
ern Arkansas."”

Castanea margaretta is a small shrub, without any com-

merciasl value.

Botanical features:

Branchlets short pubescent to tomentose. Bright red in

L—uolcr when young; becomes dark brown as ripening progresses,
ﬁitﬁ'gnny minute lenticels of yellowish color. Often two per-
lods of growth in one summer.

leaves elliptiecal to oblong-lanceolate, Apex short ascum-
inate, base rounded or slightly obtuse, symmetrical or asymme-
trical, lower surface with white tomentum, Upper surface gla-
brous and shiny dark green. Uniform coarse serration., 13-17
pairs of veinsa, glabrous or nearly so sbove, densely short
pubescent beneath. Petioles short reddish, snd tomentose., Sti-~



. pules persistent for some time.
Buds very small, conical in shape, short pubescent, green-
ish to light brown in color; somewhat divergent; phyllotaxy 1/2.

The specimens in Hamden are repeatedly killed back by the
frost, with the result that no dsta are avallable with regard
to flowers and fruits,
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I HYBRIDS
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Japanese Parents.

The earliest breeding work carried out by Dr. Graves,

- was, as stated in the introduction, done on lLong Island,
vhere he found several large Japanese chestnut trees, which
had resisted the blight, Before s further description is
glven of these early hybrids it may be of interest, shortly
to describe the trees with which he worked.
AT 10F wiwmt, S ol &5A
1. ¥Peul Hammond, Syosset, long Island. This tree, which
is the female parent of Hammond--86 described below one of
the best Japanese-American hybrids 1is apparently of pure Ja-
colled “2navich”
panese stock. (Oraves 52), It isa grafted tree with two lead-
ers which differ a little from each other, one bearing a single,
the other three nuts in easch bur. The tree 1s growing well nl-
though it 1s attacked by blight in several places. (52).
cofwe ¥ (N\D ‘{’OUOV\\ Wi\ R\‘\)@( Qa. 4 LecuwsT \}3‘\\@\\-0\“5’!‘“@,%’
2., Renville S. Smith, Oyster Bay, long Island. Oraves &y Fd.

(52) mentions this tree as "evidently of hybrid nature”". It
was, in 1929, 35 years old and 1' in d.b.h, and had a spread
of mbout thirty feet. It bore only one nut in each bur. The
tree had the blight, but many cankers had been healed over.
. Locust Valile

\ ' 3. Minturn, Oyster Bay, }aus Island, Dr. Graves describes
this tree a8 tall and with a single stem; disease resistant;
it looks mostly like the Japanese chestnut, but may have a

small amount of C. sative mixed in.

" The trees have been named after the owmer of the estate
where they were found,
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4, Winthrop, Westbury, long Island. This tree was in 1929

- 68" in d.b.h., 256-30' high and had a spread of 45 feet. The
leaves are a little longer than those commonly found on C.crensata
end there may be some admixture of the European chestnut. There
is one completely heasled lesion on the trunk, but fresh cankers
are found here snd there on the branches. (52).

Castenes crenata x Castanea dentsta :@u*%iﬂ*ﬂj¥1779
att 3

Botanicel deseription of Hammond 86 '31 C.crenata x C. dentata

Branchlets glabrous even when young, present year's growth

greenish-yellowish-brown,previous year's growth dark grey-brown,
The older bark on the stem remains smooth for a long time and
resembles very much the bark of C. dentata. Lenticels of light
color but small,

lLeaves 5-8" long 1% - 23" wide, elliptical to obovaste in
shape. Apex long acuminate, base acute to rounded or slightly
subcordate, symmetrical or slightly asymmetricasl. Serration
somewhat varied, but mostly fine as that of g; crenata. Iower
surface glabrous light green. Upper surface shiny light green.

A:.17-21 pairs of velns, pubescent above and beneath,

. Buds glabrous or nearly so. Falrly small,ovoid in shape,
of a yéllowish-broun eolor. Apex blunt, somewhat divergent.
Phyllotaxy 1/2 or 2/5.

Flowers. Hammond 86-3]1 was used for the first time in the
breeding work in 1936, in other words it probably bloomed for
the first time, when it was 5 years old., Other hybrids of the

same conbination, but with different pearents ( was Renville

Smith Jap.) bloomed already, when they were 3 years old, which
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§ early for the chestnuts and a sure sign of hybrid vigor.

e blooming starts about June 19th in early seasons and ends
£ July 17th in the late seasons, As to the characteris-
ies of the flowers no data are available.

Bur: The bur is large about 3" in diameter. Outer sur-
¢ short pubescent and with long rigid and glabrous spines.
_!n most cases, it opens readily in 4 valves, inner surface
dense long silky hairy as G, dentata. It is one of the latest
trees to ripen in the plantation, the nuts being shed October
15th-20th,

Nut large about 1}" in dlemeter and 1-1/8" in height. It
is very similer to the American chestnut in color, maybe some-
what lighter,and it has the same tomentum covering almost the

~ entire surfece. The hilum covers the entire base, 3ced testa
easy to remove. The taste is falrly good, although it is not
as sweet as the American, _

The tree has, except for the shape of the leaves, entirely
American features, This is, however, not always true with other
ndividuels with the same combination, but a different pedigree.
26 fms were examined for dominance and of these, 16 trees hed
the M'ﬁcan father as the dominant, while 10 trees showed
Japanese dominance. There is no clearcut line as regards dom-
inance, however, and in many cases it is difficult to decide in
which group the trees should be placed.

Hammond 86-'31 has inherited the good growth form of the
American chestnut, as have most of the Japanese-American hy-
brida., Of 27 individuals, 21 were of a good or falrly good
form and only 6 were described as spreading. In general the

- |




,ﬁyhrid shows a definite hybrid vigor, the mesn annual height
growth of 17 trees was 1.23', with a range from ,35' to 2,04'.
- Nost regular and pronounced is it for the trees with Paul |
Hammond Jap as female parent, of the three trees of this ped~
igree still living in ;hs‘plantatian the average MAI in height
is 1.81',with the range of 1.69-1.94'. Only one tree with
Minturn Jap as parent is stil)l living, this shows 2,04!

for the same figure, The Smith hybrids on the other hand shew
no hetérosis at all with regard to growth rate, the average
for 4 trees 1s ,82' or about the same as for C., dentata.

The Japanaae-Amsr&uaﬁ hvbrid thus has several good fea-
tures, but it soon proved to be only a little more'resistant
to the blight than the Aa#riean and onlf repeated inarching
has made it possible to keep the trees alive until now, It
i1s however still one of the most important hybridas ever devel-
oped at the plantation, becsuse it may be possible to obtain
higher resiatance snd still maintain the good form by further
erossing with {. mcilissima.

If it should prove to be possible to propagate chestnmut

vegéﬁatively at a reasonable cost, there may be a future for

the g;auing of chestnut fence posts in this way on a very

short rotation. Orafts have been made of Hammond 86 which shows
very fast growth; the oldest one now 10 years old is 283' high,
one graft only 2 years old is 13' high. %ith growth rates llke
that it would be poasible to obtain fence posts on a 10-15 year's
rotation. The grafting of the chestnut 1s, however, at present



B

80 difficult that more experimentsl research is required
before such production eould be taken up on a commercial scale.

‘l’g,utma mellissims x Castanea dentata
The first hybrid with this pedigree was made in 1034.

Here, as in the Japsnese-American hybrid, it was hoped that
by crossing the highly resistent but spreaeding C., mollisalima
 with the susceptible but well formmed C. dentats a well-formed
end resistant hybrid eventually would develop.

In all instances trees of pure Chinese blood have been
used; most of them Imported direcetly from China by the United
States Department of Agriculture or Dr. Graves, and only a few
wvere received from vaéiuus aources in the states.

Also in thils hybrid due probably to heterozygous parents,
the offspring vary greatly., Of 28 individuals examined, 17
showed various degrees of Chinese domineance, while 11 showed Amer-
icsn dominance, One individusal of esch group will be des-
eribed and they will be numbered I and II respectively.

I, Botenleal features of G, mollissims x C. dentata €2-'35

. Branchlets with long soft divergent yellow hairs. Present

yearfi growth yellowish-grey in color; previous year's growth
dark brown; older bark very similar to C. mollissima, dark

somewhat shiny soon becoming furrowed; lenticels whiter in
color than on Chinese chestnut, falrly larges.

Leaves oblong to elliptical in shape; 5-6" long, 1} =
1" wide; apex short acuminate, base mcute to rounded. Serra-
tion coarse; lower surface shiny light green; 14-17 palrs of



veins, halry on both surfaces. Petiole pubescent. In other
words they are somewhere in between the Chinese and the Amer-
ican chestnut,

Buds oveld in shape, slightly pointed, densely covered
with short heirs. Younger buds yellowish grey in color,
later grey brown. domewhat divergent. Phyllotaxy 1/2.

Flowers: This hybrid was first used for further breeding 2
in 1:{{:2, when the trees were 5 years old. The blooming falls 2%;;23
rather late; of all pollinations in which the hybrid was used, :
the earliest was started June 27th and the latest finished
July 18th. No data are availsble concerning the charascteris-
tics of the flowers.

Burs sbout 2% - 23" in diameter when full grown. Pub-
eacent on outer surface, densely covered with rigid helry
spines, Spines somewhat shorter and stouter than those on
Anerican chestnut. Inner surface denrccly allky hairy,

Huts sbout 3/4" wide and slightly higher. Covered with
tomentum from a little below the middle to the apex. The
» hilum covers the entire base of the nut. Seed testa easy to
remove. Of & good and sweet taste, :
11, Botanical features of G.mollissime x C. dentate 523 -'35

Branchlets short halry when young, leter in the season they
become glabrous or nearly so. Of a rich somewhat reddish browm

color where exposed to light, brosn-greenish benesth, Older
bark very similer to that on American chestnut. lenticels
present but smsll,

Leaves elliptical to oblanceolate; B-8" long, 2-23" wide;



epex long acuminate, base cuneate to acute. Lower iurraea
short and not very densely pubesecent; upper surface light
green and somewhat dull. Serration coarse. 18«21 palrs of

velns, pubescent on both surfaces. 4,

Buds faiély large, coniesl in shape and pointed. Short
halry especlally towards the apex. Yellowish-brown, darker
towards the apex. Somewhat divergent. Phyllotaxy 1/2.

30 far only a few good trees have been developed of this
genotype. The best is now 12 yesrs old, 22' high, and has a
good form, It is being sttacked by the blight, but shows re-
sistence. The other individuals do not show any ont#tmdmg
features. The average mean annual height growth of 23 trees
was ,96' with a rsnge from ,19' to 1,83', The trees were from
813 years old. This growth rate equsls that of C. moilissime
and so the hybrid does not show any hybrid vigor on an average.

15 out of 28 trees were apreading, the rest of good or

fairly good fora, With regerd toblight many of the trees are
falrly young and can be expected to be attacked In the near
future. 30 trees were examined for blights of these 7 had been
kill@é and 7 were attacked by the blight, but showed various
degrée’s of resistance. These two groups include all but two of
the éreas older than 1C years, 16 trees had not been attacked
at all 'np to the present time.

The hybrid 1s, however, not at all unimportant, and good
results may be obtained by further crossing of selected indiv-
iduals of this combination with other more resistant and well-
formed stoock,




The reciprocsl cross C, dentata x C, mollissima shows fea-

tures which are very much like those of C, mollissima and C,

dentata, I. Perhaps the ‘merican chestnut gives a slightly
higher degree of dominance hero.

Castanea mollissima x Castanea seguini’

The breeding of a timber type resistont chesinut has been
the first consideration in the hybridization wor:. This hybrid,
however, is an example of breeding with the develonuent of =
good orchard tree in mind, Both parents have a nut of good
taste and the hope was that the hybrid would combine the good
taste with the prolific production of nuts, characteristic of
the Ghinese ehinquapin.

Botanlcal features of Castenea mollissima x C. seguinil, 17A-34

-

127@

Branchlets short pubescent; present year's growth yollow-

ish-brown-greys previous year's growth grey brown, glabrous or
nearly soj; lenticels present but not of @ nspicuous color,

Leaves 5-6%" long and 1%"-23" wide, elliptiecal to obovate.

E- Apex short scuminate; base scute through rounded to slightly

subcordate; serration rather fine; lower surface covered with
dense tomentum, upper surface shiny dark brown; 16-18 pairs
of velns, pubescent on both surfaces{

Buds of medium sige. With short pubescense, ovold in
shepe with slightly pointed apex. Younger buds light grey-
ish brown, older buds with shiny light-reddish-brown, outer
budscales, which does not extend to the tip. Jomewhat diver-
gent, Phyllotaxy 1/2.
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Flowers: This hybrid bore flowers for the first time in
957, when it was used for further breeding work. The plants

then 3 years old, an early age for flowers, June 22nd

1s the earliest date on which the pollination has been started,
nd July lith is the ond of the flowering period. No data are
‘@vallable referring to the characteristies of the flowers.
Burgs: The burs are densely covered with long short-
‘bairy spines. The bur opens readily in 4 valves. Along the

’ seams of the valves are two rows, one on each side of flattened
| solitary spines. Burs spherical, 2-24" in dlameter.

Huts usually 3 in the bur, brown with darker stripes with
short hairs especlally towards the apex. About 3/4" wide snd
somewhat longer. Seed testa easy to remove. Of sll the nuts
examined from different speéisa and hybrids, this was judged
by the writer to be the best, The mest 1is very =sweet and good
in taste, and the texture fine. Ripening veries with the dif-
ferent trees, but falls between Oetober 7th snd 20th.

Another tree In the plantation with the same pedigree
(17-134), a s1ib of the tres just mentloned, shows festures

which are even more characteristic of C. mollissima. The

braﬁehleta have the common long divergent yellow halrs, The
leaves are broad like those of the Chinese chestnut and have
the almost truncate base. Also the nuts resemble those of
Cs mollissima clesely, although they are somewhat smaller.

As could be expected, the 4 trees exemined sre all of
the spreading type, nor do they show any particular rapldity
of growth. Only one of three trees is attacked by the blight,

v
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and this tree shows = high degree of resistsnce. One of the
trees may be somewhat more prolifiec than the Chinese (good

nuts, also) and on another the nut is excellent, but the tree
is not prolific at allj in other words the first class orchard
v'tﬂa has not been developed yet,but the rcsults are promising |
and 1t 1s still belleved that further brooding of C. molllssime

and C, segiinii could give an excellent orchard trea.

g. orensta x (C. crenatas x C, dentata)
This oross was made for the first time in 1835, the object

being to bring more Japanese stock into the Japsnese-imerican
bhybrid, end by so doing increase its resistance to the blight.

Y 6oe wa o
Botenical features of C. cmta x {C. émaoha x C. dentata) Rs THE

Branchlets with short divergent hairs; color of the pre-

sent vesr's growth reddish when exposed to llght, greenish be-
"mthg previous year's growth dark brown, resembling the bark
,“ the Japasnese chestnut very closely; lentigels fairly small,
white in color.

©  Lesves oblong or lanceolate, 5"-6" long, 13"-1%" wide;
apex long acuminste, base acute through rounded to slightly
,m\at;a or subcordate; serration rather fine, teeth long.
lower surface densely t:cvem with yellowlsh glands; upper
-inrraae light green. 20-23 pairs of veins, pubescent on both
surfaces,

Buds medium size,ovold in shape, slightly pointed. Short
hh':f outer budscales, which do not extend to the apex, usually

'rii:h sections of different color, nearest to the base red, next
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yellowish and finally dark brown; apex of the bud yellowishs
somewhat divergent., Phyllotaxy 1/2.

Flowers occurred for the first time in 1940, when the
trees, from pollinations in 1937, and thus being in thelr
£ifth vear of growth were used for further breeding. The
blooming falls early; June 19th is the earliest date on which
pollen has been used, and July 10th, the latést date on which
female flowers have been pollinated. |

Burs: short puboscaat on the outher surfece; densely
covered with long rigid spines; spines gilabrous or nearly so;
inner surface sparsely silky hairy; open fairly readily into
three or four valves. Spherical, about 23" in diameter.

Huts sometimes gshed while they are still white near the
beses. Light brown in color, with short hairs especlally to-
ward the spex. #About as wide as they are high, 15/16"-1" in
dlameter. Seed testa herd toremove; in taste with a slight
tannin content.

The deseribed tree shows, as can be seen, definlite Ja-

© panese dominance, this also holds true with a2ll the 31 trees

§£~thls pedigree examined. About one half of the trees (16)
are of the spresding type, while the other half (14) hada

good (6) or a falrly good form (8). With regerd to reslstance
to the blight it is yet too eerly to get an impression of the
true situation, becsuse the greater part of the trees are only
7 yearﬁ“or younger. Of 30 trees examined, 1, and it is impor-
tent to notice that this was the oldest tree, now 12 years old,

was killed by the blight. One tree was attacked by the blight,
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but showed resistance. The rest, 28 trees in all, were not
attacked by the blight. But nowing the only partial resis-
tance of the Japsnese parent, it must be expected that the
greater part of these trees will be attacked by the blight,
if not killed sooner or later.

The hybrid shows definite hybrid vigor, the average mean
anmual height growth of 36 trees was 1.,20" with a range from
.60Y - 2,31, |

The reciprocal cross (C. crenata x C, dentata)x C., crenate
is very much like the above described., The Japanese parent is
dominant. The form does nét seem to be nulte so good, as in
J x JA. ¥hat has just been said with regard to blight also holds
true in this case. The growth rate, however, is smsller, and the
hybrid shows no heterosis on an average. The average for 21

trees was 1,01' per year,

S T\
{Castanea crenata x Castanea dentata) x C.

G
I vt 193

The desire to develop a good timber tree, was the reason
tor this early (1934) crosswhile the low degree of resistance
in the Japenese-fmerican hybrid still was unknown. The re=-
sults were far from good, 3”13 the older trees now being deed,
and only sprouts remaining.

Botanical features of (C. erenata x C, dentata) x C. dentats
2IA-34 Soutn Lot Rs5Tq opne by 1363

Branchlets glabrous or nearly so. Present year's growth

greyish brown, on sprouts reddish, FPrevious year's growth
with brown bark, Pew very small white lenticels.
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leaves elliptical to oblong; 6%-10" long, 12-23" widey
izlang acuminate, base cuneate to acute; serration irregu-
i, some leaves coarsely serrated; some sinuated and with
bristles;\lawer surface appears to be glabrous, but
jor a hand lané minute glands can be seen, especially
ng end on the nerves of the lower half of the leaf. Up-
surface green and rather dull; 21-25 palrs of velns, with
seattered hairs on both surfaces. |
Buds large oblong in shape, apex blunt; nearly or quite
abrous. Outer budscales, which do not extend to the apex,
Rinmnztouards the end, base and apex of bud lighter brown;
somewhat divergent. Phyllotaxy /2.
" Plowers. The hybrid has been used once in the breeding,
in 1940, when 1t was in its sixth year of growth. In other
~ words the first flowers develop somewhat later in-the life of
the tree than on the Japanese chestnut, but before the Amer-
ifean. 1940 was a year of late blooming, the first pollination
not starting until June 28th, There is however, no doubt that
“.the hybrid blooms late in the sesson. In the year mentioned, \
1t wes used in breeding between July 18th snd July 23rd.
The twe older hybrids of this combination have already
been killed to the ground as mentioned above while two now
9 vears old, so far have remained untouched by the blight;
the writer, however, feels certain that they will succumb
shortly. All trees show American dominance. The two un-
blighted trees have a spresding form, and show a growth
rate of only .50'" and .89' per year




The reciprocel cross C. dentats x (C. crensts x C. dentata)

does not differ from the one just described. The American fea-
tures arordominant, the largest trees sre only 4 years old, and
are killed by the blight. The growth rate however 1s rather

- good, although not heterotic the average of 4 trees being

«96' per year., /

Castanes dentata x 3, 8

Before e description 1s given of this hybrid it may be
well to mention 8.8 shortly. It has already in the introduc-
tion been stated that 8.8 was developed by Walter van Fleet
sometime between 1894-1911, What the exact pedigree of this
hyorid 1s, has always, however, been in doubt, because vsn
Fleet did not keep complete records. In the litersture it is
somtimes mentioned as C, mollissime x C. pumila as well as

Ce crenata x C., pumila. Van Fleet mentions in in an article w

in Journal of Heredity 1914 a hybrid C. pumils x C. erenata,
which he describes somewhat as follows:

_ A vigorous small tree, which bloomswhen it 1z 3-5 years old.
Burs_grsvborn in clusters of 3-5 as on chinguapin, rarely
aolita;y¢ Contains 1-3 nuts of the chestnut type, but 46 }
times as large as that of C, pumila. The tree blooms profuse- :
ly and ripens very early, the first burs opening in late Aug- z
ust and they are fully mature by October. The nut is dark

brown and smooth with only very slight tomentum, sweet and

without tannin flavor or bitterness in the inner skin. The

second year the leaves segregate into the pumila type with F
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ght 1light tomentum and that of chestnut larger and
par green on both sides. The segragation is accompanied

h the characteristic branching of the respective types.

With regizrd to the pasrents of the hvbrids, he says that
% C, pumila was "a particularly protective and precocious
ant grown from seed collected in 1889 in Virginia." The
parent of the best hybrid, were with a few exceptions,
gme ralsed varietles of C. grenata, and quite likely are hybrids
hemselves with our native chestnut,
The guestion 1s then, is 3-8 one of the hybrids here
seribed?
Twice the same croass has been sttempted on the Hamden
plantation, using pure stock for both parents, but without
pesult, The reciprocal cross did, however, give results in
two years, and the conclusion may therefore be correct that
§8 = C. erenata x C. pumila. Trials in two different years
_‘mﬁ only a few bags (2 in 1941 end no records 1942) do not
prove, however, that the pollen is incompatible and it is
‘peaaible that the pollen of the "varieties” used by ven Fleet
haa other qualities than the pure stock, which was used at
Hamden. That S-8 = ¢, mollibsima x C, pumila seoms doubtful, |
for C. mollissima is late in blooming (starts sbout the 27th ;
of June), while C, pumila starts early -- about the 20th of ‘

June. There is some overlapping, but it seems unlikely that
van Pleet should have made the cross in this short perlod.

fnother importsnt point 1s, that van Fleet, according to his
own 2rticlie (40), did not use C. mollissims before 1911, Fi-
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ﬁk’any, 3-8 does not show any features which resemble the
_:éﬁinase chestnut.

The conclusion seems to be, that until it is definitely
‘proved that pollen of C. crenata is incompatidle with C. pum-
11:, S-8 must stand as @, pumils x C. crenata.

e

 The purpose of the erosa C, dentata x 3-8 has not been
nentioned anyvhere, but in his report for 3.95'? (59), Dr.

firaves says concerning the reciprocal coross "a pollinstion
of 3-8 with a good American parent is very desliradble, in ore-
. der to glve offspring with a greater helght growth,"

s @‘A,"‘?h Lot

Botenical features of Castenes denteta x S-8 60A - '35 ...
Branchlébs with only very few hairs in October,probably

A!ac{

more nubescent eerlier in the season. %here exposed to light
rieh reddish-brown in celor, greenish brown beneath,older
bark resembles that of . dentata very much. ILentlcels pre-
gsent In a large number, but rather inconsplcuous.
Leaves 6"-9" long, 1% - 23" wide, elliptical to obovate;
spex long acuminete, base cuneate to scute; serration coarse;
lloger surface with dense greenish white tomentum and no glands;
upper surface shiny ‘ig,ght greens 18-21 pairs of veilns, somewhat
halry on both surfaces.
Buds large,oveid, sometimes slightly pointed; with short
helrs towards apexj outer budscales, which extend about 3/4
of the way up the bud, shiny and reddish brown; phyllotexy 2/5.
§ Plowers were developed for the first time at Hemden plan-
E tation in 1938, when the plsnts were in thelr third suwmer.
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- The blooming period osccurs usually from about June 29th and
July 13th.

Burs about 1% - 2" in diameter, densely covered with very
rigld long apiges. Spines somewhat short hairy.: Flattened
| spines along tné‘saams, rigid; Bur opens readlly with 4 valves,
- and sheds the nuts while still on the tree. i
Euts about as wide as they are high. 7/8" in dlameter.
~ Usually 3 in the burg light brown in color with longlhairs
especlally towards the spex; a large part of the style re-
mains on the nut snd gives it anlang pointed sppearsnce; of a
rather good taste, maybe with a little tsnnin content,

The Americean mother seems to be dominant in this hybrid,
The tree described here has a falrly good growth form and a
fast growth, 1.,75' per yesr., One other individusl resembles
it closely (growth rate 1,58' per year), and one comes c¢closer
to 0, pumils being a amall tree of slow growth. (.75' per
year) and & spreading form. One of four trees has been killed
. by the blight, and the three others are all attacked, but show

some Tresistance.

?ﬁe reciprocal eross does nol show ez strong 2 heterosls
as the sbove, the average for 4 trees 1g .98' with = range
from .67' to 1.25' per year. ™ ey are all spresding. As to
blight, £hs conditions sre as follow: One tree killed, one
not attacked yet, 3 attacked but showing verious degrees of

resistance.
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Castanea mollissima x (Castanea c¢renats x Castanea dentata)

"hen it was realized that the Japanese-imerican hybrid
dld not possess the desired resistance to the blight, but in
other ways~h§g very good characters, it was crossed with the
highly resisté£t~chinase stock, The hope was that it would
retain the good form and fast growth of the Jappnese-American
parent and, at the same time, obtain more resistance from

Ca molliassine.

Botanical features of C, mollissima x (C. crenata x C.
dentata), 546-'30

Branchlets with long dlvergent yellow hairs; present

year's growth yellowish-grey, previous year's growth dark-
brown somewhat shiny; older bark soon becoming furrowed as
on the Chinese chestnut; leaf base raised from the branch
at a sharp angle; many large lenticels of whitish color.
Leaves 7-83" long, 2%-3" wide, elliptical to oblong;
apex short acuminate; base acute to rounded, Serrstion
coarse, lower surface short tomentose, upper surface shiny
green; 17-20 pairs of veins, pubescent on both surfaces,
Buds ovold in shape,apex pointed; short, hairy; light
grc}%ah~brn:n in color; somewhat divergent; phrllotaxy 1/2.
"Flowers: Purther hybridization was carried on with this
hybrid in 1943 when & seedling from 1938 was used, the plant
being in its fifth year of growth, The hybrid has inher ited
the late blooming from its mother psrentj it falls between
June 30th and July llth.
No records were taken of the characters of the burs and
nuts., The burs, however, are large and resemble superficial-
ly the Chinese bur; also the nuts are much like those of
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C, mollissima,

in other individual (545-38) of the same combination
can be deagribod as follows:

Branchlets: With long divergent yellow hairs; color of

present year's growth yellowish-grey; color of }aat year's
growth, dark golden-brown to grey-brown; with niny light
colored falrly large lenticels.

lecves, 6-8" long, 2-3" wide; elliptical to ovate; apex
fairly long acuminate, base acute to rounded, Serration
coarse; lower surface with dense whitish-green tomentumj;
upper surface shiny derk green. 15-18 pairs of veins, short
pubescent on both surfeces,

Buds ovold, with somewhat pointed apex; densely covered
with grey hairs; greyish-brown in color; somewhat divergent;
phyllotaxy 1/2.

It is clear that the two individuals, which here have
been examined show a very definite dominance of the Chinese
3 characteristics, The same holds true in far the greater part
of,?ha individuals with a similar pedigree., Of 61 trees re-
eordéd, 53 were noted as having dominent Chinese features, 1
sno'éd imerican and 4 Japanese dominance. 3 were described
as being of incomplete Chinese dominance,

Unfortunately the poor form of C, mollissima shows up in
most of the trees. Of 61 individuals éxamined, 36 hed a spread-
ing growth form, 18 had a falrly good form and only 7 had a
form which the writer considered good.
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The fieldrecords econceming the blight resistance have
been summarized in the table below,

Table §§ - Blight Resistance of C, mollissima x (C. grenata
x C. dentats

Year of  Total No., WNo. of Trees WNo. of Bllghted, WNo. of Trees

Pollination of Trees not Blighted but Resistant Killed by the
| Trees Blight

1937 27 17 8 2%
1938 24 16 7 1
1940 3 : § 2 -
1942 2 2 - -
1943 1 1l - -

Total a7 37 b 4 3

* one tree may not be killed by the blight.
Comments are hardly neceasary; that the hybrids are resis-
tant to the blight is beyond doubt. One thing, however, which

does not appear in a table is the form of fesistanee. This 1is

very much as in C. mollissima. Some cankers are completely
héaled: on some individuals the blight seems to be able to at-
tack;éhe outer bark only, and the rest of the trees show signs
that they may only, if ever, succumb after several years of
repeated attacks,

Finally, the growth rate must be mentioned, The table
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below 1s based on 55 trees mesasured in the fall of 1547.

Table #6 - Helght growth of C, mollissima x (C. crenata
X Co . dentata

- " Year of ToEaI Wo. Total Average Aversge Height
Pollination of Trees uxﬂaiaht Growth GOrowth per Year Range

per Year i
1937 26 324231 1.247 . «556'=2,00"
1938 22 26,29? 1.20° 0« 397=1,83"1
1940 S 4,291 » 1.437 .86'=1,.86"
1942 5 2.20' 073' 040"1000'
1943 1 1.00' 1000' “““
85 66.,01" 1.20' o59'-2,00"

The hybrid shows s definite hybrid vigor. It is believed
that if more trees had been avellable from 1940, the figure
would have been much lower, probably a little below l.20', be=-
cause the trees in general seem to grow slowly in the earlier
years: fast growth does not start until the trees are 8.9 years
"'em. Some of the 10 yesr old trees have grown about 5' in height
annually in the last couple of years.

C. mollissima x (C, crenata x C. dentata)is the most pro-

mising hybrid growing in the plantation at present, snd with
further breeding and selections smong the best offspring, it
may be part of the snswer to the problem of developing a dis-

ease-resistant timber chestnut.
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SILVICULTURAL ASPECTS

I. S8ite requirements: _ _

In choosing a site well suited for the growing of foreign
or hybrid chestnut,it may be advisable first toiqanside:_tho con=-
ditions nnda;\thah the native American chestnut has its best
development.,

The American chestnut 1s leass dapandent‘unfhhe chemical
than on the physical condition of the soil.(10 and 109). Thus
¢ fertile soll is not eggantial. As to what exactly 1t re-
quires in this respect, opinions seem to differ. Zon (109)
states that a soll with a moderate clay content (not enough to
interfere with the looseness of the soil) together with some
potassium and lime, suits the specles best. Ashe (10) is of
a somewhat different opinion; he says that it grows well on a
sandy soll with a subsoil deficient in lime as well as potash.
Pwo writers (4,12) go so far as to ssy that it 1s naturally
adapted to poor, hilly land which is not suited for agricul-
ture. The wealness and divergence of these statements can per-
haps be taken as an indication of the smali lmportance of the
69;1 nutriment. One thing all the writers sgree upon 1s that
the shestnut does not grow on solils with a high lime content
derivod from limestone. _

The soll porosity snd molsture relation is very importent.
The soll must be porous permitting sn easy penetration of the
roots and of weter. Heavy cold and wet clay soll are definitely
unfavorsble, while loams, sandy )oams even sandy and gravelly
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give a good development. Drainage conditions must be

h;; a high water table and wet solls should be avolded. The
ure requirements aré moderate, it does not require quite
Mh a3 yellnow“‘poplar, but 1s more exacting than white oak,

Y sh replaces it on the drier soils, ,

| Prost pockets should be avoided, and moderately cool, shady
opes or coves and elevated mountain bencheschosen.

If then the Asistic ( there is only very little information
garding C. sativa) chestnuts are coms idered, it will be seen,
hat they in many respects are much like in others more exact-
Ing than C. dentata in thelr reguirements. The soil must be
ile and deep, well drained, but with a good wsterholding
papacity. (81), Here as with the American chestnut a2 high
_tor table is a very poor site, Hardpan or 2 heavy impermeable
pstrata must be avolded., (8l1).

: Sites wit?_acceiemted erosion,{(81), thin or worn out
goils, and dry, grassy spots (34) are apt tobe fallures, while
8 top soll with a good layer of humus snd litter, as found on
;“goqd forest site, iz very beneficial.
‘ With regard to the acidity o« the soil Blake and Edgerton
19) gsay that it should not be less than a pH of 6. Gravatt
and Fowler (47) state that the Asiatic chestnuts trive well at
;l pH of 7, but they do not thrive where the amount of alkall 1is
ﬁeo high.

Lime snd dolomite in high amounts have been mentioned as
mfavorable by Diller (35), while Schenck (96) says that C.
mollissime according to Chinese information 1s found on limy
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solls,

Finally, the indicator plants for a good chestnut site
as glven by Diller (35, 36) should be mentioned:

gggggj\!alloupoplar, Northern Red Oak, Cucumbertree Mag-
nolia,:slack and Yellow Birch, éugar Maple,

Shrubs: Splce gash. ‘ /

Herbaceous vegetation: Maldenhair fern, Bloodroot, Jacke
in-the-pulpit, Squirrelcorn, Dutch-man's-breeches.

Sites with Broomsedge, Sumae, Hardpines and heavy sod

indieate a poor chestnut site. A site too wet for the Asiatic

chestnut is indiested by Black Ash, Red Maple, ¥illows and

tlder.

Diller (35,81) recommends the planting on small-sized areas

in the forest, which recently have been clearcut; or crown
openings created by selective logging. Also, he says planting
along the northern or erstern edges of woodlunds, where the
protectlion from temperature extremes is good, will give pro-
mising results,

The énolce of & site with regard to alr drainage must be
mede with eare; frost pockets are definitely unsuitable., Gene
tl; slopes or the tops of ridges (not rocky and dry) in rnlling
topography will be the best, (6). If possible northwestern and
northern expﬁaarasvshoula be preferred. The leafing will start
later here and injury from late spring frost will be less fre-
quent. (10),
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II. The raising of chestnut seedlings,
It is impossible to establish a chestnut plantation by
broadcast sowing or planting of the nuts. (35,73,96,100)., The

nuts would soon be destroyed by rodents or squirrels and only
e

~

a few 1f eny nuts would be left for germination. The only
way is to plant out nursery stock, I shall therefore describe
next the most successful ways to raise scedlings,

The easiest method may be described as follon:

After the nuts have been collected they are cured for a
period of 5-10 days. This can best be done in sn ordinary
room, where they are protected from the sun. Thereafter, they
are planted in pots in a mixture of 50% sand and 50% peat moss
(percentages by volume); there should be a space of 1-2" be-
tween the nuts, and they must be covered with a layer of}the
mixture about 1/2".deep. The depth of cover depending upon
the size of the nuts, Each pot has a wooden label giving the
pedigree of the nuts.

The pots are placed in an open cold frame well protected
with wirescreens from mice and squirrels, and left here until
"thq middle of December, wher they are covered with a thick lay-
er 6f litter and heavy boards,

By the beginning of March the nuts will start to germinate
and the boards and leaves are removed. When the plants are
about 4" in height, they are carefully removed, each one la=-
belled with its pedigree and year, and planted in the prepared

beds. The method is simple and gives good reswnlts.
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Another much more laborious and complicated method has
been described by Galloway. (42).

After curing, the nuts are planted in flats and placed in
a greenhou;e;\qhere the night temperature does not exceed 40°F,
The nuts will start to germinate in January and as soon as they
get a couple of leavesks-s plants are planted together in 6"
pots. In the spring about the 10th-15th of ﬁay, they are fin-
ally planted with the ballsin the nursery beds. '

A third possibility 1s to store the nuts until the next
spring and plant them as early as possible,

The best way to store the nuts is to pack them in slightly
moist sphagnum moss (4 ounces of water to one pound of dry moss)
and store them at 32°-54°F, Too much water will spoll the nuts,
but they must, on the other hand, not dry out. They can also
be mixed with sand in a box protected against rodents and
placed in the ground in a well-drained location. (5). Under
these conditions the nuts tend to germinate very early, and

they must be planted before this happens. (5, 102).

III. Planting:

The choice of the right time of plenting, a good method
of planting and careful execution of the job are exceedingly
important as has been emphasized by Bedwell.{(16). He found
in many instances that while the failure of a plantation had
been blamed on other agenc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>